Background and purpose: Nonpharmacological therapies for tension-type headache (TTH)
| INTRODUCTION
Tension-type headache (TTH) is the most common type of primary headaches. The disability attributable to TTH is larger worldwide than that of migraine (Stovner et al., 2007) . In most patients, TTH occurs infrequently and there is no need for further treatment although in some patients, TTH occurs on several days per month or even daily.
Physical therapy and acupuncture are known to be used for the treatment of TTH. Despite the reports that acupuncture has been found to be clinically beneficial for patients with chronic headaches, migraines (Vickers et al., 2004) , and TTH (Linde et al., 2016) and that acupuncture is used in many countries for TTH prophylaxis (to reduce the frequency and intensity of TTH; Burke, Upchurch, Dye, & Chyu, 2006) , there is still a lack of evidence regarding the efficacy of acupuncture compared to or adjacent to a physiotherapy regime. The combination of acupuncture and stretching in cervical myofascial pain syndrome produces higher increases in PPT and analgesia compared to acupuncture alone or placebo (Wilke et al., 2014) , at least for the short term.
Also in TTH, stretching (Beltran-Alacreu, Jimenez-Sanz, Fernandez Carnero, & La Touche, 2015) and acupuncture (Linde et al., 2016) were shown to increase PPT and produce analgesia, but their combination, which seems to be a favourable clinical approach, has not been examined extensively (France et al., 2014; Wilke et al., 2014) .
On the other hand, physiotherapy care has also demonstrated evidence to manage adults with headaches, either by hands-on techniques such as manual therapy/myofascial release techniques (Bryans et al., 2011) , stretching or more passive electrotherapy modalities (Tella, Unubum, & Danesi, 2008) . Serrano, Andrés, and Sánchez-Palomo (2007) showed that pericranial muscle contracture has an enhanced role in headache's physiopathology, which justifies the presence of pericranial pain hypersensitivity and decreased pain threshold in TTH patients. This finding has also recently been supported by Soee, Skov, Kreiner, Tornoe, and Thomsen (2013) who showed the central pain-processing mechanism of TTH and how this is estimated using PPT measurements.
In this study, the term physiotherapy refers only to the myofascial release techniques employed and the microwave diathermy application.
Myofascial release techniques aim to treat the sensitized myofascial trigger points and fascia and the referred pain patterns they produce, providing a direct connection with TTH clinical image and patient's subjective pain experience (Alonso-Blanco, de-la-Llave- Rincon, & Fernandez-de-las-Penas, 2012) . It is also evidenced that interventions aiming at the fascia (Chatchawan, Eungpinichpong, Sooktho, Tiamkao, & Yamauchi, 2014) and myofascial trigger points manage to reduce the local headache pain intensity, the extent of referred pain fields, and the pressure pain sensitivity (Toro-Velasco, Arroyo-Morales, Fernandez-de-Las-Penas, Cleland, & Barrero-Hernandez, 2009 ).
In pragmatic situations, more and more therapists tend to combine therapeutic techniques in order to enhance the analgesic efficacy of their patients' headaches (France et al., 2014; Ohlsen, 2012) . However, the literature is lacking of studies that combine physiotherapy, needling, and stretching techniques. In order to investigate the pragmatic conditions of implementation of the above techniques, this study was designed to examine the analgesic efficacy of a treatment protocol of acupuncture and stretching with a protocol of acupuncture, stretching, and myofascial release technique with microwave diathermy on patients with TTH.
| METHODS

| Study design
A multicentre randomized controlled trial was designed with the most important component to be the pragmatic character of the therapeutic protocols employed. A single-blind design (examiner blinded) was employed. It was thought not applicable to include "pseudophysiotherapy" in the protocol, because the "hands-on" character of physiotherapy and pseudophysiotherapy would complicate rather than assist the conclusions of the study.
| Subjects
Fifty-seven subjects with TTH were initially screened, and 44 were eventually allocated and received treatment. All subjects were recruited from three physiotherapy practices and a rehabilitation clinic.
Initial diagnosis and appropriateness of the patient to participate in the study were assessed by two medical doctors (neurologist or orthopaedic surgeon) according to the diagnostic definitions for TTH as provided by the IASP sub committee (Headache Subcommittee, 2004 ).
In total, 13 patients were excluded according to the inclusion/exclusion criteria (Table 1) . Eleven patients failed to fulfil the criteria, and two reported phobia in needles. The appropriate candidates (n = 44) were randomly allocated to either group of treatment and signed the study's informed consent. No dropouts or lost patients were noted ( Figure 1 ).
In order to produce a bias-free randomization procedure, with equal chances to include any patient in either group, the selection was based on the number of letters that formed the patients' last name. If it was an odd number, a specific treatment group was selected, whereas if it was an even number, the other treatment option was chosen.
The characteristics of the subjects of the study are depicted in 
| Clinicians
Every patient in the study was treated by a specific clinician who applied the acupuncture and instructed self-stretch, without knowing the treatment group of the patient. The physiotherapy treatment of the experimental group was provided by another independent physiotherapist. All acupuncture clinicians had at least 200 hr of acupuncture training and practiced acupuncture for 2-15 years. A 1-day training session emphasizing the acupuncture points, the physiotherapy modalities, and treatment protocol, together with the procedures of the study, was organized.
| Procedures
During the first visit and before the first treatment (t1), initial baseline pressure algometry measurements were taken (see Section 2.5). Similarly, algometry measurements and questionnaires were completed after the fifth treatment session (t2) and the last treatment (10th), for both groups.
The algometer operator was blinded to the patient's treatment group and the previous pressure pain threshold (PPT) readings of the same subject.
| Algometry
The PPT measured in this study is the minimum pressure required to produce the first sensation of pain. All PPTs were measured with the COMPACT SIMPLICITY (Wagner Instruments ® ) algometer, a mechanical algometer, calibrated in kg/cm 2 , with a rubber disc of 1 cm 2 and a range of 10 kg in divisions of 100 g (Fischer, 1988) . The instrument has been shown to be reliable and gives reproducible results (Fischer, 1987) .
The measurement sites were marked on the subjects (Figure 2) . The algometer was then calibrated according to the procedure described by the manufacturer, and practice measurements were attempted until the subject and the examiner were familiar with the technique. All PPT recordings were collectively repeated 3 times with a 5-min interval between each (Delaney & McKee, 1993) and were taken bilaterally following a random order. The mean average of the last two measures was taken as the best estimate of the PPT (Pöntinen, 1998) . Standardized instructions were given before each measurement on all occasions. All procedures were completed within 10-15 min minimizing the effect of fatigue and loss of concentration (Hagander, Midani, Kuskowski, & Parry, 2000) . Subjects, acupuncturists, physiotherapists, and the examiners were kept uninformed of the PPT scores throughout the study to prevent previous scores from influencing the results (Delaney & McKee, 1993) . All measurements took place in the same clinic by the same blind examiner between 16:00 and 20:00 hr (Koltyn, Focht, Ancker, & Pasley, 1999) . The temperature, draughts, cold, and dampness were kept as steady as possible throughout the study (Hildebrandt, Bongers, van Dijk, Kemper, & Dul, 2002) . Bilateral measurements were taken at the suboccipital (at the insertion of trapezius), the midway of the upper trapezius, bilaterally the C7 spinous process, the insertion of the levator scapulae at the scapula, the rhomboid (midway at T8 level), the VASaverage 6.5 ± 2.5 3-9.6 7.8 ± 1.8 4-10 VASmax 7.2 ± 2.8 3-10 8.2 ± 1.8 5-10 VASmin 4.9 ± 2.5 2-9.5 6.6 ± 1.7 4-8.5
Note. Control group = acupuncture and stretching exercise; experimental group = acupuncture, stretching exercise, and physiotherapy. VAS = Visual Analogue Scale.
infraspinatus (in the middle), and the deltoid (midway from the acromion to insertion). These muscles were chosen as they appear to be the most common in TTH and are appropriate to be measured in terms of validity and reliability with a pressure algometer (Fischer, 1988) . In this study, biomedical acupuncture was the main therapeutic selection combined with some Traditional Chinese Medicine (TCM) points, because both techniques are equally effective to manage TTHs (Larner, 2005) . A number of approximately 20 stainless steel needles (25 × 0.25 mm) were used in every treatment session. The 15-17 needling points were predefined myofascial trigger points, whereas 3-5 points were selected according to the patient's symptoms. A number of specific acupuncture points served as the selection pool for bilateral needling on every patient. These were GB20, GB21, B10, B38, UB2, GB8, SI14, SI11, ST9, LI4, GV20, and GV24 (YinTang). The depth of the needling was decided upon the provocation of symptoms, upon production of local twitch response, or upon the suggestions according to TCM. The needles stayed in place for 20 min with manual stimulation every 5 min. The stretching protocol followed the acupuncture (see Section 2.6.2).
| Stretching
A stretching protocol, consisted of muscle stretches and head movements, was taught to all patients. Specifically, the muscles trapezius, levator scapulae, rhomboids, infraspinatus, and sternocleidomastoid were passively self-stretched for 30 s, for three consecutive repetitions. Also, left and right rotation and protraction and retraction head movements were taught. All exercises were given on a leaflet, and the patients were encouraged to reproduce them 2-3 times daily. According to their self-report, the compliance rate of the exercises was~80%.
| Physiotherapy
The physiotherapy in this study consisted of microwave diathermy and myofascial release techniques. The microwave diathermy was chosen as a deep thermotherapy means, with a pulsed wavelength (1:2) and an intensity of 75 W, for 10 min with a distance of 10-15 cm from the seventh cervical vertebra, in order to produce a light warm sensation to the subject. Following the diathermy, the patients 
| Statistical analysis
Because PPT measurements are considered continuous response variables, the use of parametric statistics was formally chosen. A betweenand within-subjects analysis of variance examined the main effects of treatment group and time, and the group * time interaction on PPT.
Bonferroni test was used for post hoc comparisons. The effect size was evaluated using eta square (η 
| RESULTS
A large main effect of time on trapezius (p < .001, η 2 = 0.644), suboccipital (p < .001, η 2 = 0.604), C7 (p < .001, η 2 = 0.585), levator 
| DISCUSSION
This study aimed to examine the analgesic effect of two pragmatic treatment protocols for TTH: acupuncture and stretching versus physiotherapy, acupuncture, and stretching. Primary outcome measure was considered the PPT. The main findings were that (a) the PPT showed improvements (increase) in TTH patients for both treatment protocols, when compared within groups, and (b) differences were also observed between the two treatment protocols and between groups, with physiotherapy providing an additional increase on PPT.
| PPT MEASUREMENTS
The major finding in this study was that there were main effects of The current study aimed to assess pragmatic treatment protocols by combining acupuncture and stretching despite the fact that in the literature, acupuncture has usually been examined as a monotherapy.
Recent studies have provided the evidence for a combined approach of acupuncture and stretching, and it was fundamental for the approach selected in this study (Wilke et al., 2014) . Physiotherapy and hands-on techniques have also showed promising results in TTH, as earlier and recent research (Bevilaqua-Grossi et al., 2016; BodesPardo et al., 2013; Chatchawan et al., 2014; Moraska et al., 2015) has shown. Either as monotherapies or as combinations, positive therapeutic results have been described in the review by Espi-Lopez et al.
(2016). This study also supports the analgesic effect of protocols where hands-on techniques are implicated in TTH as seen in the (Aaseth et al., 2011; Alonso-Blanco et al., 2012; Fernandezde-Las-Penas, Alonso-Blanco, Cuadrado, Gerwin, & Pareja, 2006 (Jensen, 1999; Majlesi & Unalan, 2004) .
The clinical implication of this finding underlines the role of the hands-on/diathermy techniques in treating specifically TTH patients.
| Limitations and strength
The methodological approach of the present study might be criticized because it did not compare the treatment to be examined against a placebo or pseudotreatment, but against another full treatment protocol.
Previous studies (Bryans et al., 2011; Linde et al., 2016) have shown the beneficial effect of acupuncture, stretching, and physiotherapy, when applied separately or compared to a placebo, in headache patients. The selection of two pragmatic treatment protocols to compare might be considered a methodological flaw, but the purpose of this study was exactly that, to compare two often used treatment protocols for TTH.
Another point to criticize was that the physiotherapy group was treated for more time with an extra hands-on technique, compared to the nonphysiotherapy one. Because some patients might feel more positive with a lengthier treatment protocol and a hands-on technique, it remains unknown if the results of this study would differentiate if a pseudophysiotherapy approach was implemented in the acupuncturestretching group.
Another limitation of this study was the inability to differentiate the role of myofascial release technique from the microwave diathermy on PPT and clinical pain measures (VAS and PPI). The pragmatic nature of the study and the methodology implemented can only produce meaningful results for the combination of myofascial release and diathermy protocol rather than separately for each approach.
On the other hand, the most significant strength of this study was actually its pragmatic nature, where daily treatment protocols can be examined for their efficacy. Therefore, these findings seem to produce interesting implications for physiotherapists in order to develop optimal therapies for their TTH patients.
| Implications on physiotherapy practice
In conclusion, patients with TTH were benefited from acupuncture and stretching, but further PPT improvements were evidenced when hands-on techniques and diathermy were added. The additive role of myofascial release and diathermy was further shown on PPT both at the treating and the control sites identifying the central pain mechanisms of TTH. In clinical terms, it is strongly suggested a combination of myofascial release techniques/diathermy with acupuncture and stretching in order to further improve the analgesic effect (both for PPT and clinical pain measures).
